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CYYACHUM IHCTPYMEHTAPIN MOAEAIOBAHHSA ®THAHCOBOTO PUHKY Y CEPEAOBUIIII
MATHEMATICA

The financial market is a complex system influenced by a significant number of signs-factors, and its
functioning is determined by a significant number of signs-results. The complexity of the model leads to the fact
that when building financial market models, it is necessary fo use different types of systems of the one-dimensional
equations, which the model can contain from 2 to n equations, so it is difficult to form and study them not far too
modern means and tools of symbolic mathematics. It is important to note that the means and instruments of
symbolic mathematics, which are summarized in the Mathematica program, may quickly draw up a model of the
financial market. Therefore, the study is a general description of financial market modeling tools using systems
of the same equations in MATHEMATICA. The study uses methods of analysis, synthesis, and logical analysis.
As part of the study, note that a model consisting of unidentified or difficult-identified equations cannot be the
subject of the study, because it is considered to be of poor quality. According to the resulls of the study, it is
proved that the MATHEMATICA program implements the mathematical expressions works included in the
financial market model until it forms more identical or identical sets of equations. The program MATHEMATICA
Implements the study of the financial market model using the indirect method of the smallest squares and the
following algorithm of actions: — form the primary form of the financial market model to identify the form of its
equations; start the process of model equalization analysis by the method of the smallest squares; systematization
of equality assessments for the structural form of the financial market model. Evaluation of over-identified
equations by the method of the smallest squares can be stopped at the second step, as il is evidence of the quality
of all the stipulated variables. The prospects of further research lie in the development of methods of modeling
the financial market using uniform systems ofequations and means of symbolic mathematics.
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EKOHOMIYHA HAVKA

DiHaHCOBHI DHHOK € CKAdAHOI CHCTEMOIO, Ha IKY BIIAHBAE 3HAYHA KIABKICTh 03HaK-pakTopis. Kpiv roro
QyHKIIOHYBaHHS TaKoi CHCTeMH BH3HaYa€ 3HaYHa KIABKICTh 03HaK-pe3yAbTaTiB. OKpecaeHa CKAdaAHICTh IPH-
3BOAHTH A0 TOIO, L]0 IIPH M0OYAOBI MOA Al piHaHCOBOro pPHHKY Tpeba BAaBaTHCS A0 BUKOPHCTAHHS PI3HHX (3a
BHAAMH) CHCTEM OAHOMIDHHX PIBHIHb. Taka MOAeAb MOXKe MICTHTH BIA 2-X A0 n pIBHAHb. BiaTak, ix poocHTb
CKAdAHO CQQOPMYBAaTH H AOCAIAHTH HE BAAIOYHCH A0 Cy4a CHHX 3dCO0IB Td IHCTPYMEHTIB CHMBOABHOI MaTeMarTH-
KH. Ba)KAHBO 3a3HaYHUTH, IO 3a 3aCO0aMH Td IHCTpYMEHTaMH CHMBOABbHOI MaTeMaTHKH, IKI y3araibHEHI B IIPO-
rpami MATHEMATICA, MO>XAHBO HIBHAKO CQQOPMYBaTH MOA€EAb YIHAHCOBOro puHKY. CTPpHIXHEM AO0CAIAKEHHS
€ 3araAbHHH OIHC IHCTPYMEHTAapIi0 MOAEAIOBaAHHSI PIHAHCOBOro PHHKY 3a AOIOMOIOK CHCTEM OAHOMIDHHX
piBHIHB y mporpami MATHEMATICA. Y mexxax AOCAIAKEHHS 3BEPHEHO yBary Ha Te€, [0 MOAEAb, IKa CKAa-
Ad€ETHCA 3 HEIAeHTHPIKOBAHNX a00 CKAdAHO IAeHTH@IKOBaHHUX PIBHIHB, HE MOJKE OYTH 00 €KTOM AOCAIAKEeHHS,
OCKIABKH BOHa BH3HAYa€ThCH IK HEIKICHA. 3a pe3yAbTaraMu AOCAIAKEHHS AOBEAEHO, IIJO 3a CBOIMH IHCTDY-
meHTamu nporpama MATHEMATICA peaaizye po6oTy 3 BHPa3aMH, IO BKAIOYEHI A0 MOA€EAI (DIHAHCOBOTO DHKY
TO THX ITIp, TOKH He c(hopMy€e IMTIOHAA IAeHTHIKOBaHI a00 iAeHTHIKOBaHI HabopH piBHIHE. IIporpama peaaizye
AOCAIAKEHHS MOA€EAl PIHAHCOBOI0 DHHKY 3d AOIIOMOTOF0 HEIIPSIMOI0 METOAY HaHMEHIIHX KBAAPATIB, BHKOPHC-
TOBYIOYH HaCTYIIHHH dATOPHTM AIH: (QOpMYyBaHHS IEPBHHHOI (popMmu MoAEAT AN IAeHTHIKaLIi ii pIBHIHB,; 3a-
IIyCK nporeciB aHaAi3y pIBHIHB MOAEAI 3@ MEeTOAOM HaHMeHIIHX KBAAPATIB;, CHCTeMaTH3alisa OfiHOK PIBHSIHB
AAS CTPYKTYPHOI (hopma MoAeAl. OgiHKa MoHaA IAeHTH@QIKOBAHOIr0 PIBHIHHSI 3d METOAOM HAaHMEHIIHX KBdA-
PariB Mosxe OyTH 3yITHHEHa Ha APYyTroMy KpOoILl, OCKIAbKH BOHA € CBIAYE€HHSIM SIKOCTI BCIX 3yMOBAEHHX 3MIHHHX.
IlepcrieKkTHBH ITIOAAABIIHX AOCAIAKEHD ITIOASTAIOTH B PO3PO0LI METOAHKH MOAEAIOBAHHS DIHAHCOBOIO PHHKY

3d AOIOMOIO0 OAHOMIPDHHX CHCTEM PIBHIHB Td 3dCO0IB CHMBOABHOI MATEeMaTHKH.

Keywords: model; one-dimensional equations; systems of equations; sign-result; sign-factor.
Ka104067i ca08a: modenv; 00nomipni pibuanns; cucmemu pibuamv; o3naxa-pesysvmanmy; 03Haxa-paxmopy.

PROBLEM-SETTING AND ITS RELATION
TO IMPORTANT SCIENTIFIC OR PRACTICAL
OBJECTIVES
The financial market is a complex system, which is
influenced by a significant number of signs-factors and the
functioning of which is determined by a significant number
of signs-results. The complexity of the problem leads to the
fact that in building a financial market model not always
ossible to implement it help of multi-agent modeling
Fnamely, the creation of a scheme of actions or interaction of
autonomous agents) or one ratio, which is offered within the
models formed by the equalization of a pair linear regression
or non-linear regression (according the initial data on the
functioning of the financial market are the single values X
(i.e. signs— factors) and Y values (signs— results), multiple
regression equations (according to which the initial data on
the functioning of the financial market are multiple values X
that is, signs of a significant number of factors) and values Y
signs— results)). This is due to the following problem of the
models described: 1) some variables XY gives mutual
influence, so it is impossible to determine which of them is
dependent X, and which independent variable Y; 2) signsof a
significant number of factors can be multicollinearity, which
leads to uncertainty of parameters in the model regardless of
the chosen methods of testing for it. The desire to solve the
restated problem leads to the fact that when building the
model otpthe financial market it is necessary to resort to
systems of equality.

ANALYSIS OF RECENT STUDIES
AND PUBLICATIONS

Among the main researches in which the solution to the
problem ot modeling the financial market can be identified
are Plastun O., Makarenko L. [5], Mykhalchynets, H. [4],
Strichenko K., Dmitriusenko K. [6], Kazakova, N.F. [3].
However, most of the above scientists focus only on multi-
agent modeling, or on equation of pair or multiple linear
regression. The tools of such modeling and research of such
models are unstudied for single-dimensional equations
systems. In particular, there is no specificity concerning the
use of all the involved variables, their typology, methods of
construction, and operation of equations systems. Thus, the
process of the research relied mainly on fundamental

developmentsin the field of systems of the same level (among
them works V. Chibiriakov, A. Stankevich, D. Levkivsky,
V. Melnychuk [2] and Kazakov N.[3]).

FORMULATION
OF THE OBJECTIVES
The purpose of the article is to describe the tools of

financial market modeling using systems of the same level
in MATHEMATICA.

PROBLEM-SETTING AND ITS RELATION

TO IMPORTANT SCIENTIFIC OR PRACTICAL

OBJECTIVES

Although the content of the signs-factors and the signs-
result that holds the financial market model is formed
depending on the final application goals, its construction is
classic and is built on the sum of the instruments that are
the same for all the same levels of regression (among which
the linear differential equation and its variations). In
particular, the model is selected:

1. Abstract variables, whose values are set outside the
financial market system but influence it (e.g., GDP, export
and import volumes, inflation rates, etc.). Such variables are
identified as signs-factors (X);

2. Abstractvariable values formed within the system
of the financial market or mutually dependent (for
example, the exchange rate of the national currency,
foreign currencies, the equal income of credit and
deposit operations, annual income of securities, etc.).
Such variables are identified as indicators of signs-
results (B);

3. LAG signs-result, in a single numerical expression
adopted for the financial market model. These are all V dated
by the preliminary moments, provided that they are at the
same level. Among such LAG variables are distinguished by:
yt — current sign-result, yt-1 — LAG sign-result (which is
far from the current one for 1 period), yt-2...n — a LAG
sign-result (which is far from the current one from 2 to n
periods). Accordingly, the financial market models contain
the right part of the LAG-standing changes, which take into
account the Y trend of changes;

4. Variable or sign-factors, whose value is formed
outside the financial market model. They include the LAG
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Equalization 1

y_1 =

a_1+b_11"y_1+b_12"¢c_(t-1)+u_1

Equalization 2

ly_2 =‘

a_1+b_12%y_1+b_12%c_(t-1)+u_2

Equalization 3

2

a_1+b_13"y_1+b_12%c_(t-1)+u_3

Figure 1.

The standard look of the function of expression working

in the program MATHEMATICA

Source: Mathematica program environment.

and current variable sign-factors (xt, xt-1) and LAG variable
sign-results (yt+1) [2; 3;.

The combination of the above-mentioned variables in
the system of one-dimensional equations forms a model of
the financial market with the possibilities for explaining the
current values of the sign-result using the values of the sign-
factors selected. Note that since such a model can contain
from 2 to n equations, its formation, and research it is
expedient to implement it with the help of programs in
symbolic mathematics, one of whichis MATHEMATICA.
The outlined program allows to form a model of the financial
market:

— containing up to 10 single-dimensional equations
(eliminating the complexities associated with errors in the
specification of such a model);

— based on different types of systems of the one-
dimensional equation, among them: system of independent
equations (or system of type 1); system of recursive equations

or system of type 2); system of mutually dependent equations
or system of common, simultaneous type{

We will consider a detailed set of tools that can be
available within MATHEMATICA for financial market
modeling.

The tool for determining the number of single-
dimensional equations (the function of working with the
visas) requires correct work with the mathematical
expression that reflects their contents. For example, if the
content of the single-dimensional equation makes up the
expression yl=cl+b12y2, then in MATHEMATICA it
should be converted by algorithmy 1=c_1+b_12*y 2. In
case the index summarizes the LAG values Yt-1, it should
be converted by algorithm Y_(t-1). The standard look of
the image function is shown in Figure 1.

It is important to note that the function of
expression working does not provide for a variable
random error gt (or ut) (it automatically selects it). At
the same time, within the framework of entering
expressions the outlined function should set up a
general model of the financial market carried out by
connection of the following options: (Table 1): 1) use
of asingle standard of registration; 2) use of necessary
(sufficient) conditions of identification of the contents
of the model; 3) use of necessary and sufficient
conditions for identification of the structural form of
the model; 4) formation present form of the financial
market model.

Table 1. Options for setting up the function of expression working included in the financial market model

Note

Option

Specific operation of the function
of expression working

Special features
of the setting
up the function

use of a single
standard of
registration

this process is based on the additional
marks entered into the model, including:
(M) the number of symptoms; (m) the
number of defined variables in each
equation; (K) the number of symptoms; (k)
the number of variables K in the equation

by marks to variable
of equation

use of necessary

(sufficient) conditions
of identification of the
contents of the model;

if the financial market model is identical, if
all included equations are clearly defined
(however, if there is at least one
unidentified among the equations - the
whole financial market model is not
identical)

by the coefficients
of the given model*

use of necessary and

sufficient conditions

for identification

of the structural form
of the model;

the financial market model receives such
identification only in its structural form

formation present
form of financial
market model

this process involves checking each
equation of the structural model of the
financial market for identification with an
assessment of the parameters of the
structural form of such a model.

according to the
terms of model
equalization
identification**

* The number of model variables and coefficients of the model identified should be the same.

** sufficient condition of the equality identification in the model oriented on the rank of matrix A (it formed by additional values for the

matrix of coefficients at variables not included in this equation).
Source: Mathematica program environment, [3; 7].
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In the MATHEMATICA program, the following algorithm for identification of the financial market model
uses:

1) thedethuation is identical if the estimates of all structural parameters can be determined by the coefficients of the

iven model;
s 2) the equation is more identical if up to 20% of the structural parameters can be obtained from more than one
numerical value (thus forminfg only the coefficients of the given model);

3) equations are unidentitied if estimates of its structural parameters cannot be determined (and the coefficients of
the above model are partially absent).

MATHEMATICA program uses a specific algorithm for the necessary and sufficient identification of the structure
of the financial market model.

For example, the conditions that are necessary but insufficient for the identification of structural equalization in the
model are not automatically set. For the equalizations to be identified as part of the model, the number of pre-defined
variables outside the equalizations mustn't be less than the "number of signs-result variable" included in the equation
with the minus of the unit. MATHEMATICA program algorithms check for unequal fulfillment of M-m>=k-1, however,
it doesnot produce the resultif thereisno data to interpret the results. Therefore, the basic interpretation of the results
is proposed to make the following scale of values: If M-m=Xk-1 the equation in the structural form is exactly identified; if
M-m>k-1, the equation in the structural form is over-identified.

Conditions sufficient to identify equations in structural form in the model in MATHEMATICA program are triggered
only if additional labels are entered for the coefficient of variablesnot included in the equation (A). At that, the software
algorithms already provide that sufficient condition of identification of equations in the model is oriented on the rank of
amatrix A (what is the size of its largest square submatrix, the definition of which 0), which should be equal K-1. In fact,
MATHEMATICA software algorithms check does the value matrix rank equal K-1, but does not produce the result of
such validation unless the basis for interpreting the results is provided. Therefore, we propose to make the system of the
following equality the basis of interpretation of results: if M-m>k-1 and matrix rank A =K-1, then equation over identified;
if M-m=k-1 and A=K-1, then equation exactly identified; if M-m>=k-1, and A less than K-1, then equation hard to
identified; of M-m<Xk-1 (then A less K-1), then equation not identified.

It isimportant to note that the financial market model, consisting of unidentified or difficult-identified equations,
cannot be the subject of research. In other cases, the MATHEMATICA program can build a financial market model
through various equalization systems, which are formed depending on the type o equationsintroduced by the function
of the expression of the equation. To do this, the MATHEMATICA program operates the download sets of algori-
thms presented below [7]:

1.the operation of independent equations algorithms started when all entered expressions of equations have a variable
(yl){anﬂ alrce considered as a function of conditional variables (x). Under these conditions, the financial market model will
take the form 1:

vyl =allxl +al2x2 +---+ almxm + ul

(1);
y1lk = aklx1 + ak2x2 + - + ak2xm + uk

2. operation by recursive equations algorithms, which are started if every next expression has a dependent variable,
and it forms a function depending on the variable (on the previous equations). Under these conditions, the financial
market model will take the form 2:

vyl =allxl +al2 + almxm +ul
y2 = b21y1 + a21x1 + a22x2 + -+ + a2mxm + u2
y3 = b31yl + b32y2 + a31x1 + a32x2 + ---+ a3mxm + u3

(2);
vk = bklyl + bk2y2 + -+ by _1Vi_1 + aklx1l + ak2x2 + - + akmxm + uk

3. the operation of algorithms mutually dependent equality (or a common, simultaneous types), which are started provided
that dependent variable in the same equations included in the left-hand side (it is signs-result), and in others to the right-hand
side (itisa signs-factors). Under these conditions, the financial market model will take the form 3:

3);

yl = b12y2 + b13y3 + ---+ blkyk + allx1l + al2x2 + --- + almxm + ul
y2 = b21y1 + b22y2 + -+ + b2kyk + a21x1 + a22x2 + -+ + aZmxm + u2

vk = bklyl + bk2y2 + -+ byp_1Yr—1 + aklxl + ak2x2 + --- + akmxm + uk

In this case, in the Mathematica program, if the financial market model is formed by multi-level systems of equations,
the system of each level is considered independently. The equations in this programming environment are determined
using the least squares method.

The general research of the financial market model can be carried out by the indirect method of the smallest squares
(hereinafter referred to as "KMNK"). For this purpose, we offer to launch in the MATHEMATICA program the following
algorithm of actions:

Step 1 — Form the primary form of the financial market model to identify the form of its equations.

Step 2 — Start the process of model equalization analysis by the method of the smallest squares (the results of the
analysis are given to each model equation separately with mandatory numerical estimates of their content).

Step 3 — systematization of equality assessments for the structural form of the financial market model, using the
ratio found in step 1.

The evaluation of over-identified equalization by the least square's method can be stopped at the second step, asit is
an indication of the quality of all the variables [7]. The algorithm of actions is as follows:
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Step 1 — Form the primary form of the financial market
model to identify the form ofits equations.

Step 2 — Start the process of analysis of model equations
by the method of the smallest squares. The analysis results
are presented to each model equation separately with
obligatory numerical assessments of their content. At the
same time, it is necessary to define: a) the calculated values
of the sign-result, which appear in the structural form of
the model; b) the structural parameters of each equation
separately (using the factors included in the equation and
the calcuf;ted values of the sign-result, obtained in step 1).

CONCLUSIONS AND PROSPECTS
FOR FURTHER RESEARCH

It isimportant to note that the means and instruments
of symbolic mathematics summarized in Mathematica
program, may quickly select the financial market model.
This is because a model that consists of unidentified or
difficult-identified equations cannot be the subject of the
study. After all,itis iaentiﬁed aslow-quality. Accordingly:

1. According to its tools, the MATHEMATICA

rogram is working with the expressions, included in the
inancial market model, until the formation of over-
identified or identified sets of equations.

2. The program implements the study of the financial
market model using the indirect method of the smallest
squares and the following algorithm of actions: — form the

rimary form of the financial market model to identify the

orm of its equations; start the process of model equalization
analysis by the method of the smallest squares;
systematization of equality assessments for the structural
form of the financial market model.

3. Evaluation of over-identified equations by the method
of the smallest squares can be sto peg at the second step, as
itis evidence of the quality of all the stipulated variables.

PROSPECTS FOR FURTHER RESEARCH
The prospects of further research lie in the development
of methods of modeling the financial market by means of
uniform systems of equations and means of symbolic
mathematics.
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